In some species of Old World monkeys and apes, females exhibit exaggerated swellings of the anogenital region that vary in size across the ovarian cycle. Exaggerated swellings are typically largest around the time of ovulation, and swelling size has been reported to correlate positively with female quality, supporting the hypothesis that exaggerated swellings are honest signals of both female fecundity and quality. However, the relationship between swelling size and timing of ovulation is weak in some studies, and the relationship between swelling size and female quality has also not been consistently reported. Here, we collated empirical studies that have reported either swelling size and estimated timing of ovulation (N ¼ 26) or swelling size and measures of individual quality (N ¼ 7), to assess the strength of these relationships using meta-analytical methods. Our analyses confirmed that the period of maximal swelling size is closely associated with the most fertile period of the ovarian cycle and that a large proportion of ovulations occur during the maximal swelling period. A small, positive effect size was also found for the relationship between swelling size and body condition. In contrast, the relationships with age and social rank were not significant. Swelling size, therefore, potentially signals both female condition and timing of the fertile phase. Males are likely to benefit from allocating mating effort according to swelling size, while females with large swellings potentially benefit from exerting control over matings in species in which female control is compromised by male mating strategies.
In some species of Old World monkeys and apes, females exhibit exaggerated swellings of the anogenital region that vary in size across the ovarian cycle. Exaggerated swellings are typically largest around the time of ovulation, and swelling size has been reported to correlate positively with female quality, supporting the hypothesis that exaggerated swellings are honest signals of both female fecundity and quality. However, the relationship between swelling size and timing of ovulation is weak in some studies, and the relationship between swelling size and female quality has also not been consistently reported. Here, we collated empirical studies that have reported either swelling size and estimated timing of ovulation (N ¼ 26) or swelling size and measures of individual quality (N ¼ 7), to assess the strength of these relationships using meta-analytical methods. Our analyses confirmed that the period of maximal swelling size is closely associated with the most fertile period of the ovarian cycle and that a large proportion of ovulations occur during the maximal swelling period. A small, positive effect size was also found for the relationship between swelling size and body condition. In contrast, the relationships with age and social rank were not significant. Swelling size, therefore, potentially signals both female condition and timing of the fertile phase. Males are likely to benefit from allocating mating effort according to swelling size, while females with large swellings potentially benefit from exerting control over matings in species in which female control is compromised by male mating strategies. © 2015 The Association for the Study of Animal Behaviour. Published by Elsevier Ltd. All rights reserved.
Exaggerated swellings of the female anogenital region occur in around 30 species of Old World monkeys and apes (Dixson, 2012; Sill en-Tullberg & Møller, 1993) . These swellings have been described as female ornaments (Clutton-Brock, 2007 , 2009 ), defined as elaborate traits that function to attract males. The tissues of the anogenital region swell as a result of water retention and become red in coloration through distention of the capillaries (Dixson, 2012) . Experimental studies have shown that swelling size and coloration increase in response to oestrogen during the follicular phase of the ovarian cycle (Dixson, 2012) . The tissue then rapidly detumesces and returns to normal coloration after ovulation (e.g. Brauch et al., 2007) . Females potentially benefit from displaying swellings through attracting a preferred mating partner and/or multiple partners, while males potentially benefit from strategically allocating mating effort in relation to within-and between-female variation in fertility status (Nunn, 1999; Pagel, 1994) .
Observational studies have shown that maximally swollen females receive the highest levels of mating interest from males (e.g. Gesquiere, Wango, Alberts, & Altmann, 2007) , and experimental studies have demonstrated that male baboons are sexually aroused by artificial swellings (Bielert & Anderson, 1985; Girolami & Bielert, 1987) . Females are also most likely to approach males and solicit copulations when maximally swollen (Higham et al., 2012) . In most species with exaggerated swellings, females mate with more than one male during an ovarian cycle (Clutton-Brock & Harvey, 1976; Pagel & Meade, 2006) , and low-ranking males tend to mate earlier in the swelling period than high-ranking males (Emery Thompson, 2005; Gesquiere et al., 2007) . These observations are consistent with exaggerated swellings functioning as 'graded' signals of the probability of ovulation that provide females with the benefits of mating with multiple males, such as protection from infanticide, while also biasing paternity towards high-quality males (Alberts & Fitzpatrick, 2012; Nunn, 1999) .
